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Abstract 

Background: Recombinant human bone morphogenetic protein‑2 (rhBMP‑2) has been widely used as an alterna‑
tive bone graft in spine fusion surgery. However, clinical outcome such as effects and complications has not yet been 
revealed for transforaminal lumbar interbody fusion (TLIF). Although previous studies have reported some results, 
the evidence is weak. Therefore, the purpose of this trial is to evaluate the effectiveness and safety of Escherichia coli‑
derived rhBMP‑2 combined with hydroxyapatite (HA) in TLIF.

Methods: This trial is designed as a prospective, assessor‑blinded, open‑label, multicenter, randomized controlled 
study. Participants will be recruited from six tertiary teaching hospitals. All randomized participants will be undergo‑
ing one‑ or two‑level TLIF with rhBMP‑2 (77 participants) as the active experimental group or with an auto‑iliac bone 
graft (77 participants) as the control group. The primary interbody fusion rate outcome will be evaluated using com‑
puted tomography (CT) 12 months after surgery. The secondary outcomes will be as follows: clinical outcomes (visual 
analog scale score, EuroQol‑5‑dimensions‑5‑level score, Oswestry Disability Index score, and some surgery‑related 
variables) and adverse effects (radiculitis, heterotrophic ossification, endplate resorption, and osteolysis). Radiological 
outcomes will be evaluated using simple radiography or CT. All outcomes will be measured, collected, and evaluated 
before surgery and at 12, 24, and 52 weeks postoperatively.
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Background
After the discovery of bone morphogenetic proteins by 
Marshall Urist in 1965 [1], the frequency of osteoinduc-
tive growth factor use in spinal surgery has significantly 
increased [2–5]. The use of recombinant human bone 
morphogenetic protein-2 (rhBMP-2) during lumbar 
fusion surgery as an alternative to autogenous bone graft 
can minimize complications, such as pain at the donor 
site, and it has been confirmed that it has the same effect 
as autologous long bone during spinal fusion [6, 7]. When 
rhBMP-2 was used in anterior lumbar interbody fusion 
(ALIF) and lateral lumbar interbody fusion (LLIF), high 
fusion rates were observed, respectively (94.5% and 92%) 
[8, 9]. Furthermore, the union rate of the transforaminal 
lumbar interbody fusion (TLIF) treated with rhBMP-2 
was 96.6%, which was higher than that of the non-
rhBMP-2 group (92.5%) [10, 11]. Therefore, rhBMP-2 
may be a good substitute for bone fusion, which could be 
used to reduce iliac bone graft donor site morbidity [6]. 
Despite its high osteoinductivity, rhBMP-2 is difficult to 
apply clinically because it is extracted from mammals and 
expensive. However, Escherichia coli-derived rhBMP-2 
shows a better extraction rate than that of mammals, and 
high osteogenic activity and cost-effectiveness have been 
reported [12, 13].

There is still no clear evidence on the clinical and radi-
ographic efficacy and safety of Escherichia coli-derived 
rhBMP-2 on TLIF surgery. Therefore, a randomized 
controlled trial (RCT) is considered necessary. Specifi-
cally, we will compare the safety of using E. coli-derived 
rhBMP-2 with hydroxyapatite (HA) or autogenous iliac 
bones in patients in need of TLIF to complement the 
limitations of previous studies and confirm whether the 
E. coli-derived rhBMP-2 with HA bone union rate is non-
inferior to that of autogenous iliac bone, as well as its 
clinical efficacy and safety.

Methods
Ethics statements
The design and protocol of this trial were approved by 
the institutional review board (IRB) of our hospitals (IRB 
number: B-2008-630-003). Contrary to this trial plan, 

any changes that could affect future research data will be 
approved by the research ethics committee before con-
ducting. Informed consent will be obtained from all par-
ticipants. The results will be submitted to peer-reviewed 
publications.

Trial design and participants
In this multicenter, assessor-blinded, open-label, pro-
spective RCT, a total of 154 adults (age, 19–80  years) 
who will be undergoing TLIF for degenerative lumbar 
disease will be recruited from six tertiary teaching hos-
pitals to evaluate the efficacy and safety of E. coli-derived 
rhBMP-2 combined with HA in TLIF. Participants will 
visit the hospital at 12, 24, and 52 weeks postoperatively, 
so we can evaluate their outcomes. Eligibility for enroll-
ment is based on the following inclusion and exclusion 
criteria (Table 1, Fig. 1).

Recruitment
Participants will be recruited if they are going to receive 
TLIF for lumbar degenerative disease at one or two lev-
els in six hospitals. A blinded assessor will conduct the 
baseline screening to include participants. All partici-
pants will choose to participate in the trial after receiving 
an oral explanation by the evaluators and providing writ-
ten informed consent of the same content. No monetary 
benefit will be given to the participants, and no added 
harm or adverse events are anticipated over traditional 
instrumented fusion surgery.

Randomization
The included participants will be randomly assigned to 
two groups at a 1:1 ratio: an active rhBMP-2 group and a 
control auto-iliac bone group, following a computer-gen-
erated randomization list prepared by a researcher. This 
lists will be integrated into a web-based eCRF platform 
that is accessible to researchers who had qualified at this 
study. This process will be implemented independently 
for each of the six hospitals, and the surgeon will be noti-
fied of the results immediately before surgery.

Participants randomized to the active E. coli-derived 
rhBMP-2 group will be treated with E. coli-derived 

Discussion: This study will be the primary of its kind to evaluate the effectiveness and safety of E. coli‑derived 
rhBMP‑2 with HA in one‑ or two‑level TLIF. It is designed to evaluate the equivalence of the results between rhBMP‑2 
with HA and auto‑iliac bone graft using an appropriate sample size, assessor‑blinded analyses, and prospective regis‑
tration to avoid bias. This study will set up clear conclusions for using E. coli‑derived rhBMP‑2 with HA in TLIF.

Trial registration: This study protocol was registered at Korea Clinical Research Information Service (https:// cris. nih. go. 
kr; number identifier: KCT0005610) on 19 November 2020. And protocol version is v1.1, January 2022.

Keywords: Degenerative lumbar disorders, Recombinant human bone morphogenetic protein‑2, Transforaminal 
lumbar interbody fusion, Randomized controlled trial

https://cris.nih.go.kr
https://cris.nih.go.kr


Page 3 of 8Choi et al. Journal of Orthopaedic Surgery and Research          (2022) 17:397  

rhBMP-2 and HA during TLIF. The dose of E. coli-
derived rhBMP-2 at each segment will be 0.5–1.0  mg, 
and the maximum dose for one participants will be 
2.0 mg. Participants randomized to the control auto-iliac 
bone group will receive autogenous iliac bone from the 
posterior iliac crest.

Interventions

– Active intervention: rhBMP-2 with HA and local 
lamina bone

– Control intervention: the auto-iliac bone graft and 
local lamina bone

The surgical methods of the active group using 
rhBMP-2 and the control group using auto-iliac bone 
graft will be similar except for the procedure of filling 
the cage in the intervertebral space. TLIF will be rou-
tinely performed. Following the posterolateral approach, 
decompression with foraminotomy and flavectomy will 
be performed. Total discectomy and endplate preparation 

will follow. In the active rhBMP-2 group, rhBMP-2 with 
HA and local lamina bone will be placed in the PEEK 
cage in the intervertebral body space. Novosis® (CGBio 
Inc., Gyeonggi-do, Korea), which consists of 0.5 g of HA 
and 0.5 mg of E. coli-derived rhBMP-2, will be used for 
each segment. In contrast, the control group will receive 
5 to 10 cc of auto-iliac bone graft and local lamina bone 
for each segment. A PEEK cage will be inserted in the 
intervertebral body space. Percutaneous pedicle screw 
fixation will be performed at the involved lumbar level. 
Wound closure will be conducted after drainage.

Outcome measures
Primary outcome
The primary outcome is the interbody union rate at 
52 weeks after surgery. The status of the interbody union 
rate will be evaluated using the ‘bone bridge ratio.’ It will 
be assessed on coronal and sagittal CT images (1-mm 
interval cutting image). It is evaluated as the ratio of 
the bone bridge length to the total length of the upper 
and lower end plates of the segment. The study will be 

Table 1 Inclusion and exclusion criteria

TLIF transforaminal lumbar interbody fusion; VAS visual analog scale; rhBMP-2 recombinant human bone morphogenetic protein-2; HA hydroxyapatite; PEEK 
polyetheretherketone

Inclusion criteria

Age 19–80 years

Patients needing TLIF and posterior pedicle screw fixation at one or two levels between L1 and S1 because of one of the following degenerative lumbar 
diseases (including patients who do not respond despite 3 months of non‑surgical treatment or who have persistent pain with a VAS score ≥ 4):

 Lumbar spinal stenosis

 Severe herniated intervertebral disk requiring wide laminectomy

 Spondylolisthesis or spondylolysis

 Recurrent herniated intervertebral disk

Patients able to understand and consent to the study

Patients willing to participate and comply with our proposed follow‑up protocol

Exclusion criteria

History of lumbar fusion surgery at the same level

Pregnant, lactating, or childbearing‑age patients who do not agree to maintain contraception during the clinical period

Patients with severe osteoporosis (lumbar T‑score <  − 3.0)

History of malignancy (but patients can participate if the disease has not been relapsed within the last 5 years after being cured)

Hypersensitivity to rhBMP‑2, HA, or the PEEK cage

Patients with any of the following diseases that make it difficult to proceed with the protocol (e.g., psychological disorders, drug abuse, abnormal liver, 
kidney, heart, respiratory function, infectious disease, metabolic disease, ankylosing spondylitis, tumor, trauma, etc.)

Patients taking the parathyroid hormone or bisphosphonate for osteoporosis

Patients with autoimmune disease who need to take high‑dose steroids for a long time

Patients who smoke > 20 cigarettes a day

Body mass index > 35 kg/m2

Patients who cannot stop taking antithrombotic drugs or anticoagulants before surgery and are expected to have bleeding during surgery

Severe diabetic mellitus patients with complications

A person whose life expectancy is judged to be short (terminal patient)

Patients unable to understand and consent to the protocol
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conducted by two orthopedic surgeons who do not par-
ticipate in the study.

Secondary outcomes
Radiographic outcomes Simple lumbar radiographs, 
which consist of anterior–posterior, lateral, lateral-flex-
ion and lateral-extension views, will be used to confirm 
the overall condition of the participant’s lumbar spine 
before surgery. During follow-up, simple radiographs will 
be obtained to assess for adverse events, such as hetero-
trophic ossification, cage subsidence, screw loosening, 
and adjacent segment disease.

Clinical outcomes Patient-reported outcomes, which 
includes the Oswestry Disability Index (ODI) score for 
lumbar disabilities, EuroQol-5-dimensions-5-level (EQ-
5D-5L) value for overall quality of life, and VAS pain 
scores, will be collected before surgery and AT 12, 24, 
and 52 weeks postoperatively. Safety will be assessed by 
evaluating adverse events and effects which is related to 
surgery. Adverse events and surgery-related effects will 
be made report to the appropriate institution. Labora-
tory tests for the rhBMP-2 antibody will be performed 
before surgery and at 12  weeks after surgery. These 

results and data will be compiled by a blinded assessor 
and enrolled using the eCRF system (Table 2).

Sample size
This clinical study will compare the interbody fusion 
rate between the two groups at 52 weeks after surgery 
and determine whether E. coli-derived rhBMP-2 with 
HA is non-inferior to auto-iliac bone graft in TLIF. 
According to a previous report, the interbody bone 
union rate was 92.7% on CT at 12  months postopera-
tively [14]. For the primary outcome analysis, we cal-
culated that a sample size of 154 participants would 
provide at least 90% power to show the non-inferiority 
of rhBMP-2 with HA graft to autogenous iliac bone 
graft with a one-sided alpha value of 0.05 and a non-
inferiority margin of 10% for the 12-month fusion rate 
of TLIF with the PEEK cage, assuming a 15% dropout 
rate at 12  months. The sample size was calculated by 
Power Analysis and Sample Size software, version 15 
(NCSS, Kaysville, UT, USA). Therefore, this trial will 
recruit 154 participants to confirm the equivalence 
between the rhBMP-2 active group and auto-iliac bone 
graft control group in TLIF.

Assessed for Eligibility (n= )

Excluded (n= )
-Not meeting inclusion criteria
-Declined to participate
-Other reason

Allocated to Intervention group
(rhBMP-2 use) (n = )

Enrollment

Randomization (n= )

Allocation

Lost to follow-up (n =)
Discontinued intervention (n = )

Analyzed (n = )
- Excluded from analysis (Give reasons)

Allocated to Control group 
(Auto-iliac bone graft) (n = )

Lost to follow-up (n =)
Discontinued intervention (n = )

Analyzed (n = )
- Excluded from analysis (Give reasons)

Follow-Up

Analysis

Fig. 1 CONSORT study flow diagram of this study protocol



Page 5 of 8Choi et al. Journal of Orthopaedic Surgery and Research          (2022) 17:397  

Safety reporting
Safety will be assessed by evaluating all adverse events 
and effects which is related to surgery. If unexpected 
severe side effect occurs during the study, the researcher 
will report them to the IRB of the hospital and research 
staff as soon as possible and follow up continuously until 
the complications disappear or stabilize.

Statistical analysis
Modified intention-to-treat (mITT) and per-protocol 
(PP) analyses will be conducted. The primary outcome 
will be analyzed using the PP strategy. The interbody 
fusion rate at 12  months after surgery in the rhBMP-2 
group will be considered non-inferior to that in the auto-
iliac graft group if the lower limit of the 95% confidence 
section of the fusion rate in the rhBMP-2 group is limited 
to within the non-inferiority margin of 10%. The mITT 
strategy will be the principle analysis for secondary out-
comes, and we will analyze whether participants received 
a randomized graft material to reduce the effects of 

crossover and drop out that could disable the randomiza-
tion of both groups assigned.

To evaluate the randomized graft material effect on 
clinical outcomes (i.e., ODI, EQ-5D-5L, and VAS pain 
scores), a linear repeated-measures mixture model is 
going to be used. Other radiographic and clinical out-
comes and side effects between the two groups will be 
analyzed used by the chi-square test for categorical vari-
ables and the Student’s t test for continuous variables.

All statistical analyses will be performed using Stata/
MP 17.0 (StataCorp LLC, College Station, TX). Statistical 
significance will be defined as a two-sided p value < 0.05, 
except for the p value from the non-inferiority test, which 
was one-sided.

Discussion
This study is designed to confirm the effectiveness and 
safety of E. coli-derived rhBMP-2 in one- or two-level 
TLIF. To analyze the efficacy of E. coli-derived rhBMP-2, 
the primary outcome, the 12-month interbody fusion rate 
on CT after surgery, will be compared to that of auto-iliac 

Table 2 Evaluation schedule

rhBMP-2 recombinant human bone morphogenetic protein-2; ODI Oswestry Disability Index; and VAS visual analog scale
a Baseline patient characteristic, including past medical/surgical history, physical examination
b including CBC, chemistry, urinalysis, urine HCG test
c Test for BMP-2 antibody baseline. Applicable only to the rhBMP-2 control group after surgery
d Evaluation in simple radiographs and CT by 2 independent orthopedic specialists who do not participate in this study process

Visit type Screening Operation Follow-up

Visit 1 2 3 4 5

Visit week  − 4 ~ 0 weeks 0 ~ 2 days 12 weeks 24 weeks 52 weeks

 ± 5 weeks  ± 8 weeks  ± 8 weeks

Trial description and consent ○
Demographic  dataa ○
Physical examination ○
Vital sign ○
Laboratory  testb ○
Bone mineral density ○
Sampling for rhBMP‑2  antibodiesc ○ ○
Inclusion/Exclusion criteria ○ ○
Randomization ○
Operation ○
Simple radiographs ○
Computed tomography ○
ODI ○ ○ ○ ○
EuroQol‑5‑dimensions ○ ○ ○ ○
VAS ○ ○ ○ ○
Union rate  evaluationd ○
Concomitant drug ○ ○ ○ ○
Adverse events ○ ○ ○ ○
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bone graft. We will also analyze clinical outcomes, such 
as ODI, EQ-5D-5L value, and VAS scores, radiographic 
outcomes, and complications.

Several studies have been conducted on the efficacy 
of rhBMP-2 in lumbar fusion surgery, and the fusion 
rate has been found to be equal to or higher than that of 
auto-iliac bone graft [6, 15, 16]. In addition, the use of 
rhBMP-2 has the advantage in that no morbidity occurs 
unlike when auto-iliac bone graft is harvested [17]. 
Therefore, rhBMP-2 has emerged as a good substitute for 
auto-iliac bone graft in spinal fusion surgeries. However, 
the use of rhBMP-2 in fusion surgery has side effects such 
as heterotrophic ossification, radiculitis, and end plate 
changes [14, 18–20]. In spite of the dosage-dependent 
side effects, rhBMP-2 has been widely utilized off-label 
without a defined dose. In the published literature, doses 
varied considerably from 40 mg in the AMPLIFY study to 
less than 1-mg per level, with a mean dose/level of 4 mg 
[15]. Fortunately, earlier research failed to detect a con-
nection between rhBMP-2 dose and fusion rate [15]. In 
a retrospective case series, Lytle et  al. reported that the 
use of 1 to 2 mg/level rhBMP-2 improved the fusion rate, 
although greater doses had no effect [21]. In the other 
known investigations, rhBMP-2 doses reported in prior 
research did not increase fusion rates [15]. Due to a lack 
of evidence for dosages smaller than 1.05  mg/level, we 
are not able to make definitive conclusions other than 
that there is no increased benefit for fusion by increas-
ing the rhBMP-2 dose higher than 1.05 mg/level, which 
is the smallest commercially available dose. In addition, 
although minimal-dose studies for posterolateral fusion 
have been conducted, studies on TLIF are limited [22]. 
To confirm this, we will conduct a study using a low dose 
(0.5–1  mg per segment) of E. coli-derived rhBMP-2 to 
confirm the safety threshold of E. coli-derived rhBMP-2 
and its efficacy.

Similar to other growth factors, rhBMP-2 requires 
a carrier system capable of facilitating optimal cellu-
lar and vascular development, cellular attachment, and 
release kinetics [23]. Highly soluble, rhBMP-2 neces-
sitates solid scaffolds that serve as drug carriers at the 
bone graft site for extended periods of time [24]. Ideal 
scaffolds should restrict growth factor release and 
avoid breakdown. Numerous materials have been pro-
posed; however, absorbable collagen sponge has been 
the most extensively studied carrier for CHO-rhBMP-2 
due to its strong binding and retention capacities. 
According to previous study, the combination of 
rhBMP-2 with collagen sponge may result in faster 
bone growth in postoperative bone deficiencies com-
pared to standard bone grafting [15]. In bone graft site, 
collagen lacks both osteoconductivity and mechanical 

stability. Due to their space-providing qualities, cal-
cium phosphates such as HA and beta-tricalcium 
phosphate have been regarded ideal candidates for a E. 
coli-derived rhBMP-2 delivery system [25]. Enhancing 
the osteoinductive action of E. coli-derived rhBMP-2 
requires stable carriers with strong osteoconductive 
activity and high affinity for rhBMP-2. HA granules 
were still visible on CT images six months postopera-
tively, indicating HA’s durability as a carrier [25]. Sev-
eral investigations have suggested that its affinity with 
E. coli-derived rhBMP-2 is greater [25–27]. In these 
experiments, the usefulness of HA as a carrier for E. 
coli-derived rhBMP-2 was also verified. In our investi-
gation, E. coli-derived rhBMP-2 will be combined with 
HA to investigate whether HA is acceptable for usage 
in conjunction with E. coli-derived rhBMP-2 during 
TLIF surgery.

Chinese hamster ovary (CHO) rhBMP-2 has a disad-
vantage in that the extraction efficiency is low in terms 
of cost. E. coli-derived rhBMP-2 is economical because 
it is cheaper than CHO-rhBMP-2 and can be produced 
in larger quantities [28]. In addition, bone induction 
capacity was similar compared with CHO-rhBMP-2 
in an in  vivo study [29]. There is no RCT on E. coli-
derived rhBMP-2, except for its use in PLF in spinal 
surgery. Therefore, we aim to examine the effect of E. 
coli-derived rhBMP-2 in TLIF.

This study will be the first of its kind to analyze the 
effectiveness and safety of E. coli-derived rhBMP-2 with 
HA in one- to two-segment TLIF surgery. This study is 
designed to evaluate the non-inferior results between 
E. coli-derived rhBMP-2 with HA and auto-iliac bone 
graft using an appropriate sample size, blinded analy-
ses, and prospective registration to reduce bias. This 
trial result will provide high-level evidence of the effi-
cacy, safety, and standard indicators for the use of E. 
coli-derived rhBMP-2 in TLIF surgery.

Abbreviations
rhBMP‑2: : Recombinant human bone morphogenetic protein‑2; LLIF: 
Lateral lumbar interbody fusion; ALIF: Anterior lumbar interbody fusion; 
RCT : Randomized controlled trial; HA: Hydroxyapatite; IRB: Institutional 
review board; VAS: Visual analog scale; PEEK: Polyetheretherketone; CT: 
Computed tomography; mITT: Modified intention‑to‑treat; PP: Per‑proto‑
col; PLF: Posterolateral fusion; ODI: Oswestry Disability Index; EQ‑5D‑5L: 
EuroQol‑5‑dimensions‑5‑level.

Acknowledgements
We would like to thank Editage (www. edita ge. co. kr) for English language 
editing.

Author contributions
S‑MP, H‑JP, J‑YC, and K‑SS were involved in the establishment of study design 
concept and protocol. C‑NK was involved in the conception and design of the 
study protocol. J‑YC was involved in writing and editing of the study protocol. 
S‑MP and H‑JP contributed to the data collection. All authors approved from 
the beginning to final protocol.

http://www.editage.co.kr


Page 7 of 8Choi et al. Journal of Orthopaedic Surgery and Research          (2022) 17:397  

Funding
This study was partially supported to cover research nurses by research grants 
(No. 06‑2020‑0389) from CGBio Incorporation in Republic of Korea. This study 
is a clinical trial protocol, and funding has been approved through peer review 
by Ministry of Food and Drug Safety in Korea. The funder had no role in the 
study design, data collection and analysis, decision to publish, or preparation 
of the manuscript.

Availability of data and materials
The electronic database server will not be publicly accessible. Access to the 
data set is provided only to the Data Management Committee of our research 
group. The study findings will be published in a peer‑reviewed journal.

Declarations

Ethics approval and consent to participate
The design and protocol of this multicenter, assessor‑blinded, open‑label, 
prospective, randomized controlled equivalence trial were approved by the 
Seoul National University Bundang Hospital institutional review board (IRB No: 
B‑2008‑630‑003) of participating hospitals in Korea. Written informed consent 
will be obtained from all participants.

Consent for publication
Not applicable.

Competing interests
S‑MP, H‑JP, K‑SS, and C‑NK report receiving research grant from CGBio incorpo‑
ration for conducting this clinical trial.

Current stage of study
Some hospitals are conducting trials by recruiting participants who meet the 
inclusion criteria, obtaining explanations and consent.

Related articles
There are no publications containing the results of this study.

Author details
1 Spine Center and Department of Orthopaedic Surgery, Seoul National Uni‑
versity College of Medicine and Seoul National University Bundang Hospital, 
82, Gumi‑ro 173 Beon‑gil, Bundang‑gu, Seongnam‑si, Gyeonggi‑do 13620, 
Seongnam, Republic of Korea. 2 Department of Orthopedic Surgery, Spine 
Center, Kangnam Sacred Heart Hospital, Hallym University College of Medi‑
cine, Seoul, Korea. 3 Department of Orthopedic Surgery, Hanyang University 
College of Medicine, Seoul, Republic of Korea. 4 Department of Orthopedic 
Surgery, Chung‑Ang University College of Medicine, Seoul, Republic of Korea. 

Received: 30 May 2022   Accepted: 14 August 2022

References
 1. Grgurevic L, Pecina M, Vukicevic S. Marshall R. Urist and the discovery of 

bone morphogenetic proteins. Int Orthop. 2017;41(5):1065–9.
 2. Schroeder GD, Hsu WK, Kepler CK, Kurd MF, Vaccaro AR, Patel AA, Sav‑

age JW. Use of recombinant human bone morphogenetic protein‑2 in 
the treatment of degenerative spondylolisthesis. Spine (Phila Pa 1976). 
2016;41(5):445–9.

 3. Lao L, Cohen JR, Buser Z, Brodke DS, Youssef JA, Park JB, Yoon ST, 
Wang JC, Meisel HJ. Trends analysis of rhBMP utilization in single‑level 
posterior lumbar interbody fusion in the United States. Global Spine J. 
2017;7(7):624–8.

 4. Coughlan M, Davies M, Mostert AK, Nanda D, Willems PC, Rosenberg 
G, Ferch R. A prospective, randomized, multicenter study comparing 
silicated calcium phosphate versus BMP‑2 synthetic bone graft in poste‑
rolateral instrumented lumbar fusion for degenerative spinal disorders. 
Spine (Phila Pa 1976). 2018;43(15):E860–8.

 5. Vincentelli AF, Szadkowski M, Vardon D, Litrico S, Fuentès S, Steib JP, Le 
Huec JC, Huppert J, Dubois G, Lenoir T, Sailhan F, Passuti N. rhBMP‑2 

(Recombinant Human Bone Morphogenetic Protein‑2) in real world 
spine surgery. A phase IV, National, multicentre, retrospective study 
collecting data from patient medical files in French spinal centres. 
Orthop Traumatol Surg Res. 2019;105(6):1157–63.

 6. Liu S, Wang Y, Liang Z, Zhou M, Chen C. Comparative clinical effective‑
ness and safety of bone morphogenetic protein versus autologous 
iliac crest bone graft in lumbar fusion: a meta‑analysis and systematic 
review. Spine (Phila Pa 1976). 2020;45(12):E729–41.

 7. Kim YH, Ha KY, Rhyu KW, Park HY, Cho CH, Kim HC, Lee HJ, Kim SI. 
Lumbar interbody fusion: techniques pearls and pitfalls. Asian Spine J. 
2020;14(5):730–41.

 8. Burkus JK, Gornet MF, Dickman CA, Zdeblick TA. Anterior lumbar 
interbody fusion using rhBMP‑2 with tapered interbody cages. J Spinal 
Disord Tech. 2002;15(5):337–49.

 9. Koike Y, Kotani Y, Terao H, Iwasaki N. Comparison of outcomes of 
oblique lateral interbody fusion with percutaneous posterior fixation 
in lateral position and minimally invasive transforaminal lumbar 
Interbody fusion for degenerative spondylolisthesis. Asian Spine J. 
2021;15(1):97–106.

 10. Parajón A, Alimi M, Navarro‑Ramirez R, Christos P, Torres‑Campa JM, 
Moriguchi Y, Lang G, Härtl R. Minimally invasive transforaminal lumbar 
interbody fusion: meta‑analysis of the fusion rates, what is the optimal 
graft material ? Neurosurgery. 2017;81(6):958–71.

 11. Park J, Ham DW, Kwon BT, Park SM, Kim HJ, Yeom JS. Minimally invasive 
spine surgery: techniques, technologies, and indications. Asian Spine J. 
2020;14(5):694–701.

 12. Bessa PC, Cerqueira MT, Rada T, Gomes ME, Neves NM, Nobre A, Reis 
RL, Casal M. Expression, purification and osteogenic bioactivity of 
recombinant human BMP‑4, ‑9, ‑10, ‑11 and ‑14. Protein Expr Purif. 
2009;63(2):89–94.

 13. Yano K, Hoshino M, Ohta Y, Manaka T, Naka Y, Imai Y, Sebald W, 
Takaoka K. Osteoinductive capacity and heat stability of recombinant 
human bone morphogenetic protein‑2 produced by Escherichia 
coli and dimerized by biochemical processing. J Bone Miner Metab. 
2009;27(3):355–63.

 14. Khan TR, Pearce KR, McAnany SJ, Peters CM, Gupta MC, Zebala LP. Com‑
parison of transforaminal lumbar interbody fusion outcomes in patients 
receiving rhBMP‑2 versus autograft. Spine J. 2018;18(3):439–46.

 15. Lytle EJ, Lawless MH, Paik G, Tong D, Soo TM. The minimally effective dose 
of bone morphogenetic protein in posterior lumbar interbody fusion: a 
systematic review and meta‑analysis. Spine J. 2020;20(8):1286–304.

 16. Niu S, Anastasio AT, Faraj RR, Rhee JM. Evaluation of heterotopic ossifica‑
tion after using recombinant human bone morphogenetic protein‑2 in 
transforaminal lumbar interbody fusion: a computed tomography review 
of 996 disc levels. Global Spine J. 2020;10(3):280–5.

 17. Faundez A, Tournier C, Garcia M, Aunoble S, Le Huec JC. Bone morpho‑
genetic protein use in spine surgery‑complications and outcomes: a 
systematic review. Int Orthop. 2016;40(6):1309–19.

 18. Villavicencio AT, Burneikiene S. RhBMP‑2‑induced radiculitis in patients 
undergoing transforaminal lumbar interbody fusion: relationship to dose. 
Spine J. 2016;16(10):1208–13.

 19. Litrico S, Langlais T, Pennes F, Gennari A, Paquis P. Lumbar interbody 
fusion with utilization of recombinant human bone morphogenetic 
protein: a retrospective real‑life study about 277 patients. Neurosurg Rev. 
2018;41(1):189–96.

 20. Elfiky TA, Patil ND, Allam Y, Ragab R. Endplate changes with polyethere‑
therketone cages in posterior lumbar interbody fusion. Asian Spine J. 
2020;14(2):229–37.

 21. Lytle EJ, Slavnic D, Tong D, Bahoura M, Govila L, Gonda R, Houseman C, 
Soo T‑M. Minimally effective dose of bone morphogenetic protein in 
minimally invasive lumbar interbody fusions: six hundred ninety patients 
in a dose‑finding longitudinal cohort study. Spine. 2019;44(14):989–95.

 22. Liu G, Tan JH, Yang C, Ruiz J, Wong HK. A computed tomography analysis 
of the success of spinal fusion using ultra‑low Dose (0.7 mg per facet) of 
recombinant human bone morphogenetic protein 2 in multilevel adult 
degenerative spinal deformity surgery. Asian Spine J. 2018;12(6):1010–6.

 23. Kim Y‑K, Um I‑W, An H‑J, Kim K‑W, Hong K‑S, Murata M. Effects of demin‑
eralized dentin matrix used as an rhBMP‑2 carrier for bone regeneration. J 
Hard Tissue Biol. 2014;23(4):415–22.

 24. Sato K, Urist MR. Induced regeneration of calvaria by bone morphoge‑
netic protein (BMP) in dogs. Clin Orthop Relat Res. 1985;197:301–11.



Page 8 of 8Choi et al. Journal of Orthopaedic Surgery and Research          (2022) 17:397 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 25. Kong CB, Lee JH, Baek HR, Lee CK, Chang BS. Posterolateral lumbar fusion 
using Escherichia coli‑derived rhBMP‑2/hydroxyapatite in the mini pig. 
Spine J. 2014;14(12):2959–67.

 26. Cho JH, Lee JH, Yeom JS, Chang BS, Yang JJ, Koo KH, Hwang CJ, Lee KB, 
Kim HJ, Lee CK, Kim H, Suk KS, Nam WD, Han J. Efficacy of Escherichia 
coli‑derived recombinant human bone morphogenetic protein‑2 in 
posterolateral lumbar fusion: an open, active‑controlled, randomized, 
multicenter trial. Spine J. 2017;17(12):1866–74.

 27. Murata K, Fujibayashi S, Otsuki B, Shimizu T, Matsuda S. Repair of iliac 
crest defects with a hydroxyapatite/collagen composite. Asian Spine J. 
2020;14(6):808–13.

 28. Vallejo LF, Brokelmann M, Marten S, Trappe S, Cabrera‑Crespo J, Hoffmann 
A, Gross G, Weich HA, Rinas U. Renaturation and purification of bone mor‑
phogenetic protein‑2 produced as inclusion bodies in high‑cell‑density 
cultures of recombinant Escherichia coli. J Biotechnol. 2002;94(2):185–94.

 29. Bessho K, Konishi Y, Kaihara S, Fujimura K, Okubo Y, Iizuka T. Bone induc‑
tion by Escherichia coli ‑derived recombinant human bone morpho‑
genetic protein‑2 compared with Chinese hamster ovary cell‑derived 
recombinant human bone morphogenetic protein‑2. Br J Oral Maxillofac 
Surg. 2000;38(6):645–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Evaluation of the efficacy and safety of Escherichia coli-derived recombinant human bone morphogenetic protein-2 in transforaminal lumbar interbody fusion to treat degenerative spinal disease: a protocol of prospective, randomized controlled, assessor-bli
	Abstract 
	Background: 
	Methods: 
	Discussion: 

	Background
	Methods
	Ethics statements
	Trial design and participants
	Recruitment
	Randomization
	Interventions
	Outcome measures
	Primary outcome
	Secondary outcomes
	Radiographic outcomes 
	Clinical outcomes 


	Sample size
	Safety reporting
	Statistical analysis

	Discussion
	Acknowledgements
	References


